A method for the rapid lysis of Listeria cells, employing a recombinant Listeria bacteriophage A118 lytic enzyme (PLY118), is described. The procedure can be used with all listerial species. It enables fast, efficient, and gentle recovery of DNA, RNA, or native cellular proteins from small-scale (2-to 5-ml) cultures. Moreover, this approach should be very useful in analytical detection and differentiation of Listeria strains when the release of native nucleic acids or proteins is required.
. However, these procedures are lengthy and relatively inefficient (17) .
We have recently cloned three Listeria bacteriophage-encoded lysins (18) , one of which (PLY118) could be overexpressed in E. coli to very high levels. The enzyme is extremely active on all listerial cells when added exogenously. Therefore, this study was conducted to simplify cell lysis in vitro by introducing a procedure based on the use of PLY118. The new technique greatly reduces the amount of time required and facilitates release and subsequent recovery of nucleic acids and proteins with high yields.
Preparation of lytic enzyme and cell suspensions and lysis procedure. E. coli JM109(DE3)(pPL118) carries the gene for PLY118 under the control of a strong, inducible promoter (18) . Following overexpression of the enzyme, cells were disrupted by single passage through a French press cell or by sonication. Cleared cell extracts could then be fractionated by ion-exchange chromatography (Q-Sepharose; Pharmacia). Active fractions contained approximately 80% endolysin (18) , which was found to be sufficiently pure for all downstream applications described here. The enzyme was stored in a suitable buffer (50 mM Tris Cl [pH 8 .0], 20 mM NaCl, 0.1% Triton X-100) at Ϫ20ЊC.
L. monocytogenes WSLC 1001 (serovar 1/2c) and L. ivanovii WSLC 3009 (serovar 5) were from the Weihenstephan Listeria Collection. Cells were grown in tryptose broth (10-ml volumes, 30ЊC) to the end-log phase and harvested by centrifugation (2-ml portions; 15,000 ϫ g, 60 s). Supernatants were completely removed, and pellets were quickly frozen in dry iceethanol or liquid nitrogen. For quantitative determination of lysin activity, cells were resuspended in 900 l of buffer (20 mM Tris Cl, pH 8.0). Then, 100 l of a PLY118 preparation was added. Figure 1 shows the observed decrease in absorbance, with the suspensions appearing completely clear after 8 to 10 min. One unit was defined as the amount of PLY118 necessary to decrease the A 600 by 0.01/min at pH 8.0 and 30ЊC in a volume of 1 ml, using cells of L. monocytogenes WSLC 1001 as substrate. In this case, 100 l of PLY118 solution contained approximately 10 U of enzyme activity. For preparation of nucleic acids and proteins, cells were resuspended in 50 l of buffer and treated with 1 U (10 l) of endolysin for approximately 5 to 8 min at room temperature until suspensions started to clear. The lysin can be used in combination with several common buffers in the range of pH 7.0 to 9.0 and attacks all listerial strains from the six species (18) . It is also interesting that it is active at temperatures as low as 4ЊC, although at much lower rates.
Isolation of nucleic acids. Chromosomal DNA and total RNAs were essentially purified from the lysates according to standard methods (23) , including deproteinization with phe-nol-chloroform, ethanol precipitation, and digestion with either RNase-free DNase (Promega) or DNase-free RNase (United States Biochemical). Nucleic acids were resuspended in TE buffer (23) and quantified by photometric measurements. Yields ranged from 30 to 40 g of total nucleic acids per 2 ml of culture, which is superior compared with the lysozyme or mutanolysin method, with which yields were generally 10 to 15 times lower (17) . Qualitative analysis was performed on nondenaturing gels (Fig. 2) and clearly shows the integrity of chromosomal DNA as judged by the lack of ''smear,'' which would indicate shearing or nuclease action. RNA isolated by this method has successfully been used in transcription mapping (18) and primer extension experiments (17) . With a combination of amidase lysis and purification on ion-exchange resins in a spin column format (available from Qiagen or Scotlab), the selective isolation of listerial RNA from small-scale cultures is possible in approximately 30 min (data not shown).
Preparation of total proteins. In order to reduce viscosity by removing nucleic acids, benzon nuclease (Benzonase; Merck) was added to the lysates (10 U per 50 l); this was followed by incubation for 5 min at 30ЊC. Small samples (5 l) were then removed and mixed with appropriate sample buffers before being analyzed by SDS-polyacrylamide gel electrophoresis (PAGE) and isoelectric focusing in immobilized pH gradients (pH 4 to 7) as described previously (16, 29) . Untreated cell suspensions served as controls. SDS-PAGE gels were stained with Coomassie blue R-350 (Pharmacia), and isoelectric focusing gels were silver stained (5) . The whole-cell protein profiles generated are shown in Fig. 3 . Some cell wall-associated outer proteins are visible in the control lanes.
Conclusions. The method described here provides a simple and rapid procedure for lysis of Listeria cells which is superior to previously used techniques. Because of the short incubation times and ambient temperatures required for lytic activity, the inevitable nuclease or protease activities present in crude lysates were negligible; i.e., they did not interfere with the experiments conducted. This should be especially valuable for studies on listerial mRNA or shock-induced proteins, when speed is of the utmost importance.
Complete digestion with PLY118 should release even those proteins which are embedded in the thick cell wall structure of Listeria spp. and enable their isolation and study. Other interesting applications may include cell lysis prior to multilocus enzyme electrophoresis (4), treatment of samples subjected to analytical PCR for detection of L. monocytogenes (3, 12, 25) , and cell lysis in agarose plugs prior to endonuclease digestion for pulsed-field gel electrophoresis analysis.
The concept of using recombinant phage lytic enzymes of high specificity and activity for research and biotechnological applications is presently being extended to other gram-positive genera (e.g., Bacillus cereus and Staphylococcus aureus) and will be reported in the near future. VOL. 61, 1995 NOTES 1151
